mately bound up with bacterial and enzymatic activities and hence the keeping quality is a rough guide to the conditions under which the milk has been produced and also to its bacterial count.
A more satisfactory and scientific method of estimating the keeping quality is required and it was hoped that a modification of the Alcohol Test would meet this need and at the same time provide a better means of determining the approximate bacterial couint of milk samples.
The Alcohol Test first came into use in 1890 and has since, to some extent, been employed both in Europe and in America for grading milk in the receiving room. The test consists of adding 2 cc. of alcohol to 2 cc. of milk and shaking this in a test tube, the strength of the alcohol used being generally 68 to 70 per cent by volume. If a precipitate is formed the test is said to be positive and such milk is held to be of poor hygienic quality.
The precipitation of the casein by the alcohol appears to be intimately associated with (1) the degree of acidity of the milk (2) the amount of rennet present and (3) the balance of the milk salts. The greater the amount of acid or rennet present, the more readily will the casein be precipitated.
Abnormal milks such as colostrum, milk from diseased udders and from diseased cows, also produce a precipitate with alcohol. Such a precipitate, however, appears dependent on the proportions of the different salts in the milk. Sommer and Hart (1921) and Sommer and Binney (1923) have shown that "the calcium and magnesium, and the citrates and phosphates, present in milk have a very marked effect on both the heat coagulation and the alcohol coagulation of milk." It has also been proved by the same workers "that there is a balancing effect between the calcium and magnesium on the one hand and the citrates and phosphates on the other, the proper balance of these producing the most stable condition, an excess of either causing milk to coagulate more readily." It is evident that such premature curdling may easilyr occur in milks which neither show an abnormally high bacterial count nor yet a poor keeping quality when judged by oirdinarv methods. This does not, however, detract from the value of the alcohol test or any modification thereof since in such cases an abnormal condition of the milk is evident.
Although the present alcohol test does indicate the presence of acid and rennet-the principal end products of the more common organisms affecting the keeping quality of milk-it does not however, provide any information regarding the degree of concentration of acid or rennet present. Hence the necessity for a modification of the test. Such a modification should show different degrees of acidity so that the keeping quality could be more accurately estimated and its relation to the bacterial count more fully established.
The modification of the present alcohol test now suggested involves (a) incubation of the milk for a definite period at a specified temperature before the addition of the alcohol, (b) an alteration in the concentration of the alcohol employed and (c) the addition of an indicator to the alcohol.
The incubation of the milk is necessary in order that sufficient acid and rennet may be developed within the milk before the alcohol is added. This treatment of the milk no doubt complicates the test to a slight extent but experience has shown it to be necessary in order to obtain more accurate results in differentiating between milks of varying bacterial count and keeping quality-lack of accuracy in this respect having been proved to be one of the weakest points in the original test.
An increase in the concentration of the alcohol is recommended, as with milks of low bacterial count it has been found that the small amount of rennet developed, even after incubation, is insufficient to give a precipitate with the strength of alcohol used in the original test.
The addition of the indicator to the alcohol provides a means of determining approximately the degree of acidity developed in the milk.
In order to obtain definite information as to the most suitable modifications on the above lines the following points required investigation: (a) The optimum temperature of incubation; (b) the minimum period of incubation of the milk before testing; (c) the most suitable concentration of alcohol; (d) the most reliable indicator.
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In order to obtain information on these points the rate of development of acidity in milk at different temperatures was first studied.
Thirty samples of milk were incubated at both 370 and 30°C. and each titrated after two, four, six, eight and twenty-two hours' incubation.
To obviate the necessity of interfering with the bulk of the sample at every test, each was divided into ten portions of 40 cc. Five of these portions were incubated at 37°C. and the remaining five at 30°C.
Tests were made on portions from both incubators at the saimle time, one portion from each sample being used for each test.
The milk was titrated against N/40 NaOH using phenol plhthalein as an indicator, as the figure thus obtained gave the number of degrees of acidity according to the Soxhlet-Henkel scale. This was converted to a percentage of acid equivalent to lactic acid, by multiplying by 0.0218. Table 1 shows the rate of development of acidity at 370 and 8.00°C8. at varying periods in the thirty samples of milk examined.
On examination of these results it will be seen that the milks can be divided into four classes as given in table 2. Those samples marked with one star (*) have been averaged and compose C(lass 1, those with two stars (**) Class 2, those with one cross (+) Class 3 and those with two crosses (+ +) Class 4,.
Lhe average rate of development of acidity in the samples incubated at 37°C. in each of these classes is illustrated in figure 1 . These results show that when different samples of milk are held at a constant temperature their rate of development of acidity varies considerably. Some of the milks, viz., those in Class 2, showed a decrease in acidity during the first four to six hours which was followed by a rapid increase, while the samples in Class 1 which also showed a decrease in acidity during the first few hours developed little acidity even after a period of twenty-two hours' incubation at 37°C. In the case of those milks in Classes 3 and 4 there was a steady increase in acidity after the first two hours' incubation. Although in the majority of the samples incubated at 37°C. acidity developed rapidly during the first few hours, it will be seen that in a few cases increase in the acidity was not noticeable until a period of at least eight hours had elapsed. In the case of those milks incubated at 30°C. very little acidity had developed even after incubation for eight hours. It is obvious therefore, that incubation of the milk at 37°C. is preferable and that eight hours must be regarded as the minimum length of time of incubation at this temperature.
In order to obtain scmne information as to the most suitable concentration of alcohol for carrying out the test, trials were made with v-arious strengths of alcohol, at the same time that the acidity determinations were made. As a result of previous work on similar lines, concentrations of 73, 78 and 83 per cent by volume of alcohol were used for these trials. The tests were carried out in triplicate; two cubic centimetres of each concentration being added to similar quantities of the milk being tested. The acidity at which a precipitate occurred was found to vary greatly per cent Alcohol and an incubation temperature of 30°C. showed, that in the case of some milks the rennet produced during the incubation period was insufficient to be detected by these strengths of alcohol. It was concluded, therefore, that by incubation of the milk at 37°C. for a minimum period of eight hours and by the use of 83 per cent alcohol it was possible to detect milks which contained a larger number of rennet producing organisms than acid producing bacteria although the total count in each milk was relatively small. Rice and Markley (1924) have shown that "The concentration of hydrogen ion and acidity by titration vary in the same direction quite regularly although not to the same extent. " Hence some information as to the most suitable indicator for addition to the alcolhol was obtainable from a study of the figures relating to the rate of development of acidity given in tables 1 and 2. From these tables it is seen that the greatest average acidity developed after eight hours' incubation at 37°C. is 0.373 per cent which represents a pH value in milk of approximately 4.5. The hydrogen ion concentration of fresh milk varies from 6.4 to 6.6 and therefore the pH range under consideration is approximately 4.5 to 6.4. Consequently, it would appear that the most suitable indicator for addition to the alcohol is either Brom Cresol Purple or Mlethyl Red. Both these indicators were used, being made up in 83 per cent alcohol (by volume) and using 0.02 per cent of the dye. Tests were then carried out on samples of milk which had been incubated at 37°C. for eight hours; in each case 2 cc. of the alcohol containing the indicator were added to 2 cc. of milk and the color and type of precipitate, if any, noted. It was found that the color changes given with Brom-Cresol Purple were not so easy to differentiate as those given by Methyl Red and that they could only with difficulty be matched with the color standards of Ridgeway (1912) . Methyl Red is consequently recommended.
From these experiments, therefore, it was concluded that the following modifications in the alcohol test gave the best results: (1) A preliminary incubation period of at least eight hours at 37°C; (2) the use of 83 per cent (by volume) neutral alcohol containing 0.02 per cent Metlhyl Red as against the use of 70 per cent (by volume) alcohol only.
The Alcohol Test thus modified was applied to a large number of milks having a keeping quality range of from one-half to over three days and whose bacterial counts varied from 500 to over one million per cubic centimetre. Forty cubic centimetres of a milk to be tested were poured into a sterile boiling tube fitted with a rubber stopper and incubated for nine' hours at 37°C. The milk was then cooled by immersion of the tube in water, shaken vigorously and 2 cc.
I As the result of many experiments it was found that more accurate results could be obtained by incubating the milk for nine hours in preference to eight hours. poured into a clean dry test tube. To this were added 2 cc. of 83 per cent Methyl Red alcohol the color and type of the precipitate being noted and compared with the keeping quality. From the results of these tests Table 3 has been drawn up.
The cooling of the milk after incubation is important in order to obtain the correct color (Clark, 1925) . Care must also be taken to ensure that the test tubes used are properly cleansed as the slightest trace of alkali or acid present may effect a considerable change in the final color obtained and lead to an erroneous interpretation of the results. Each test should preferably be carried out in duplicate.
To save time and trouble involved in measuring equal quantities of milk and alcohol by means of pipettes, the use of test tubes marked off at 2 and 4 cc. is suggested.
EXPLANATION OF TABLE 3
The color given under the heading "Color according to Ridgeway (1912) ," is a guide to the degree of acidity produced in the milk, while the precipitate, in the absence of acid, indicates roughly the amount of rennet present. For example, a milk which a "Mikado Orange" and no precipitate will probably keep sweet for half a day longer than one which gives the same color and produces a moderately heavy precipitate.
A heavy precipitate which is very granular indicates a poorer keeping quality than one which though heavy is fine in texture.
It should be mentioned that the above tests have been carried out on milk which was from fifteen to twenty-seven hours old obtained from Shorthorn and Ayrshire cows. Since the fat globules of milk do not absorb the color of Methyl Red, milks high in fat such as those from Jersey and Guernsey cattle are liable to give slightly lighter colors.
CONCLUSIONS
The results of these experiments show that the Alcohol Test can be modified to give an index of the bacterial count and keeping quality of milk and consequently of its commercial value.
It should be borne in mind, however, that the complexity and number of the factors which affect the keeping quality of milk as judged by the consumer cannot all be taken into account by any one method. Certain abnormal flavors and odors, for example, can only be detected by taste and smell. Moreov-er, during the bactericidal period the results of the actions of bacteria and enzymes on the milk are too small to be measured, except by the most delicate tests. All one can hope to do, therefore, is to choose a method which approximates most closely to the ideal.
My thanks are due to Dr. James Ewing for carrying out pH determinations on many samples of milk by the electrometric method, and to Mr. A. Paton, B.Sc., N.D.A., N.D.D., for valuable help and criticism.
